Although the influence of obesity on pulmonary function tests has been examined, the role of body fat distribution has received limited attention. Pulmonary studies of patients severely affected by upper body obesity suggest they have more severely compromised lung volumes than obese patients with lower body obesity. We examined 42 healthy but normal or mildly obese men to determine if body fat distribution influences pulmonary function tests. Multiple measures of adiposity showed a significant inverse relationship with both spirometry and static lung volumes. However, the biceps skinfold thickness had the strongest inverse relationship with total lung capacity (TLC) compared to other anthropometric measures. The waist-to-hip ratio (WHR) demonstrated a significant inverse relationship with static lung volumes only when controlling for cigarette smoking. However, comparing pulmonary function tests between patients with a WHR less than 0.950 (lower body fat distribution) and subjects upper body deposition of fat decreases diaphragmatic excursion due to increased abdominal adiposity or increased weight on the chest wall, measured lung volumes might be smaller than predicted using current predictive equations. We examined healthy, adult men to determine if distribution of body fat significantly influences pulmonary function tests.
MATERIALS AND METHODS
Forty-four healthy male firefighters were referred for fitness evaluations, none of which had any known medical problems. Both current and exsmokers were included in the group. Evaluation included spirometry, lung volumes, and body fat determination, and a fasting serum sample was obtained to evaluate triglycerides, cholesterol, and glucose levels. Our study was reviewed and approved by the Human Studies Committee of the University of Louisville (Kentucky) School of Medicine. Informed consent from all subjects was obtained before they were tested.
Spirometry was performed by one tester using a calibrated Gould Sentry System rolling-seal spirometer (Gould, Houston) while subjects were seated. FVC, FEVI, FEF25-75, and FEVI/ FVC were measured and volumetric testing was performed in the seated position utilizing the helium dilution technique on a calibrated Gould-Godart Pulmonet III (Gould-Godart, Bilthoven, the Netherlands). Residual volume (RV) was measured, with total lung capacity calculated as the sum of the FVC and RV. Spirometry and lung volume measurements were referenced against predicted values using the equations of Crapo et al.12"13 
RESULTS
Demographic characteristics of the subjects and the results of spirometric and lung volume testing are shown in Table 1 . Forty-four subjects underwent spirometric testing. Two firefighters who did not undergo hydrostatic weighing, also did not have lung volumes measured. Therefore, 42 subjects had lung (Fig 1) .
Stepwise multiple regression analysis for all subjects using all anthropometric variables and age was performed for each spirometric and volumetric measurement, generating the coefficients in Table 4 . Age, height, % BF, BMI, and the biceps skinfold thickness all contributed to the predictive equations.
Stepwise multiple regression analysis for the normal group was done, and revealed the biceps skinfold to be a predictor for all pulmonary function tests except for RV.
DISCUSSION
To our knowledge this is the first study examining the effect of body fat distribution on pulmonary bidly obese patients, the WHR was clearly differentiated in subjects having the most severe lung volume compromise (those with a WHR 20.95) and in those with less respiratory impairment (those with a WHR <0.95). In these obese patients, the intra-abdominal adipose pressing upward on the diaphragm prevents full downward excursion during deep inspiration, which decreases TLC, FVC, and FEV1'8 as shown in our study. However, the lack of correlation between WHR and confidence intervals in pulmonary function tests suggests that truncal or intra-abdominal fat does not contribute significantly to these measurements in normal or mildly obese men. A shortcoming of all the anthropometric measures used in skinfold analysis is the inability to accurately assess visceral adiposity.'7 9 The weaker relationship of the biceps to pulmonary function tests as observed in the mildly obese men, may reflect the inability of the biceps skinfold to determine intrathoracic fat deposition. Chest CTs (both conventional and highresolution) reveal a high prevalence of subpleural fat Smokers could have biased the results obtained, decreasing spirometry and increasing lung volumes from cigarette-induced emphysema and chronic bronchitis even in young, asymptomatic subjects.23 A partial correlation analysis controlling for cigarette smoking suggests that the contribution of this factor is minimal in this study population. However, additional nonsmokers must be studied to clarify this issue. Cigarette smokers are also known to have higher WHRs than nonsmokers, which declines after cessation of smoking.24'25 Furthermore, upper body fat deposition is known to be more prevalent in men than in women;26 therefore, the observations in this study need to be confirmed for women.
In this study, the distribution of body fat was found to effect spirometry and lung volumes in normal, nonobese adults men, and to a lesser extent in mildly obese men. The best measure of fat distribution influencing pulmonary function tests in this study population was the biceps skinfold, which is a measure of upper body fat distribution.'7 The findings of this study need to be applied to a larger sample of nonsmoking men, to a more ethnically and anthropometrically diverse population, and to women. In any event, we believe caution is warranted when standard equations are used to predict pulmonary function tests in an anthropometrically diverse population pending further study.
